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[57] ABSTRACT

A method of forming a mesa in a semiconductor device

comprises forming a plurality of such devices on a wa-
fer, mechanically cutting relatively wide channels to a

predetermined depth in said wafer at positions around

individual ones of the devices to partially separate the
devices from each other. The mechanical cutting tech-
nique defines mesa walls and plain surfaces between
individual devices. These channels are then etched to
repair scars caused by the cutting technique and, there-
after, the wafer is broken along the center line of the
channels to separate the devices from each other.

6 Claims, 6 Drawing Figures
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METHOD OF FORMING A MESA IN A

SEMICONDUCI‘OR DEVICE WITH SUBSEQUENT |

SEPARATION INTO INDIVIDUAL DEVICES -

BACKGROUND OF THE INVENTION

Thls 1nvent10n relates to a method of fermmg mesas
1in semlconductor devices and more particularly to such
3a method utilizing primarily non-chemical techniques.

- High voltage semiconductor devices are generally
formed with mesas to shape and reduce the magnitude
- of the electric field at the side surface of the device. By
reducing and- shapmg the field at the side surface the
~ device can w1thstand h1gher reverse voltages before

.breakdewn | |

These mesas are generelly formed by a chemical
etchmg process in which an etchant, usually an acid,

- chemically reacts with the semiconductor material to

remove such material and form the mesa. Use of a
chemical etching process to form mesas has not been
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FIGS. 1-4 are a schematic illustration of a method of
making a mesa in accordance with this invention;
- FIG. 5 1s a side elevation view of a semiconductor
device made in accordance with this invention; and,
F1G. 6 1s a plan view of a wafer being processed in
accordance with this invention after the mesa walls
have been cut.

DETAILED DESCRIPTION OF A PREFERRED
| METHOD

Referring to FIGS. 1-4 of the drawing, there is illus-
trated a portion of a wafer 10 in which there has been

~ formed, by any generally conventional technique, a
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entirely satisfactory. First, the cost of the chemical -

- etchants makes the use of such a process relatively ex-
pensive. Second, semiconductor devices including
- chemically etched mesas can exhibit excessive collec-

 tor-base current leakage. This results from the fact that

'such processes involve the use of a mask on the surfaces
of the device which are not etched and which thus must
“be protected from the etchant. As the mesa surface is

etched the mask lying on the upper protected surface
overhangs the surface being etched and can bend over

into contact with that surface. In this event, the material
in contact with the bent over mask portlon 18 no longer
‘etched while the surface below it is etched. Thus the
upper edge of the mesa wall can overhang the lower
~portion. In some devices, then, the base can overlie the
~collector giving rise to the high leakage currents.

- SUMMARY OF THE INVENTION |

This invention provides a relatively economical
method for fornnng ‘mesas in a semiconductor device
while IIllIllIIllZlIlg the possibility of forming an over-
hangmg base in the mesa surface. The method com-
prises forming a plurality of semiconductor devices,
each having at least one PN junction on a wafer and

then mechanically cutting first and second sets of rela-

tively wide generally U-shaped channels in said wafer
so that the semiconductor devices are partially sepa-
rated from each other. The channels are formed with a
_bottom generally planar surface located below the PN
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plurality of semiconductor devices 12 which are to be
formed with a mesa. The semiconductor devices 12 can
be of any type. For purposes of explaining a preferred
embodiment of the invention each device 12 is a high
voltage NPN transistor including an N type emitter 14,
a P type base 16 and an N type collector 18. Thus, there
is formed an emitter-base junction 15 and a base-collec-

‘tor junction 17. The base-collector junction 17 is to

terminate in a mesa wall to minimize the field at the
surface of the wall and assure that the device has a
relatively high breakdown voltage. In FIGS. 1-4 of the
drawing, dotted lines are utilized to denote the bound-
aries between individual semiconductor devices 12 and,

- as should be understood, to define the location at which

30

35

the wafer is to be broken to separate individual devices
from each other. The devices are preferably solder
dipped at this point to provide the emitter, base and
collector terminals used to make contact in an electric
field. These terminals are not illustrated in the drawing
for the sake of clarity. It should be understood, how-
ever, that the terminals can be provided at a later point
in the manufacturing process, for example, after the
devices have been fully formed and separated from the
walfer.

- To form the mesa, a first set of parallel channels 20
are mechanically cut partially through the wafer on
opposite sides of each device and a second set of such
channels 22 are cut at right angles to the first set on the

- other pair of opposite sides of each device. Both the first
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junction and with a pair of generally planar mesa sur-

faces at whlch the junction terminates. Thereafter, the
channels are etched for a very short time in a dilute
etchant te smooth the channel surfaces and repair any
| 'damege done during the cutting and to provide a
slightly arcuate contour to the parallel mesa walls. The
- devices are now separated from each .other by scribing
and breaking the wafer along the mldllne of the chan-
nels.

Preferably, the cutting 1s done by mechamcal means

33

such as a diamond blade saw or by a slightly defocused |

laser beam.
BRIEF DESCRIPTION OF THE DRAWING

| For a better understandmg of the invention, reference
‘is made to the following description of a preferred em-

“bodiment thereof taken in conjunctlon with the figures

of the accompanymg drawing, in which:

65

and second sets of channels, 20 and 22 respectively, are

~illustrated in FIG. 6 of the drawing. Only the first set of

channels 20 can be seen in FIGS. 1-4. As can be real-
ized, each semiconductor device 12 is partially sepa-
rated from its adjacent devices by the channels 20 and
22.

Referring back to FIGS. 1-4, each of the channels 20
and 22 are the same and each is generally U-shaped in
cross-section including a pair of generally parallel mesa

‘walls 24, 24 connected by a relatively flat bottom plain

surface 26. The width of each channel, that is, the dis-
tance between mesa walls 24, 24 is relatively wide being
on the order of about 5 to 10 mils and the depth, that is,

the distance from the top major surface (the surface

including the emitter 14 and base 16) to the bottom plain
surface 26 is such that the bottom plain surface is lo-
cated below, as viewed in the drawing, the base-collec-
tor PN junction 17. Typically, the depth of the channel
is on the order of about 3 mils and the base-collector PN
junction 17 is located at a depth of about 2 mils. The
mesa walls 24, 24 generally define the mesa wall to be
formed around adjacent semiconductor devices 12 on

the wafer and the bottom surface 26 defines the plain

around the mesas.
As noted, the channels 20 and 22 are mechanically

- cut. The preferred technique for mechanically cutting
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the channels is to utilize a diamond saw blade 28 having
a thickness corresponding to the desired width of the
channels to be formed. Of course, the blade should have
a radial exposure sufficient to form the channels with
the desired depth. In making the cut, the midpoint of the
blade 1s centered over the boundaries between adjacent
semiconductor devices 12. This can best be seen in FIG.
1 of the drawing where the saw blade 28 is aligned with

the dotted lines denoting the boundaries between semi-

conductor devices. In this way, the bottom plain surface
26 formed by the saw blade extends equal distances

from the boundary into the adjacent semiconductor
devices 12.

- It should be understood that other mechanical cutting
means can be utilized to cut the channels. For example,
another usable cutting technique would be to cut the
channels with a laser device wherein the laser beam is
slightly defocused to define the relatively large channel
width.

After the channels are formed, the wafer is masked in
accordance with generally conventional photolitho-
graphic techniques to protect the major surfaces and to
leave the channels unprotected so that they can be
lightly etched. Etching the channels repairs the dam-
age, marring and scarring, done to the mesa walls 24, 24
and the bottom plain surface 26 by the saw or the laser.
Etching also forms the walls 24, 24 so as to have a
slightly arcuate surface as illustrated in FIG. 3 of the
drawing. This etching process can be accomplished in a
dilute solution of boiling sodium hydroxide (NaOH). A
suitable solution would comprise 73% sodium hydrox-
ide by volume. The wafers are placed in the solution for
about 90 seconds. Thereafter, the wafer is rinsed in
deionized water to remove any sodium (Na) ions in the
channels and is then freon dried. This light etch does
not etch away enough of the walls 24 to allow the mask
to overlie the junction 17. It should be understood that
the shape of the walls illustrated in FIGS. 3-5 is highly
exaggerated for the sake of clarity.

At this point, the channels could be filled with a
passivating material such as SiPOS (oxygen doped po-
lysystalline silicon) or glass to protect the base-collector
PN junctions 17 from surface electrons in the packaging
material. In most cases, however, such passivation is not
deemed necessary. Whether or not the channels are
passivated, the plain surface 26 is scribed along its mid-
point with a focussed laser beam to form grooves 28
extending partially into the wafer at the midpoint of the
channels, that is, at the boundaries between the devices
12. Thus, the grooves are illustrated in FIG. 4 of the
drawing as extending along the dotted lines denoting
the boundaries between individual semiconductor de-
vices 12. After the grooves have been scribed, any con-

ventional technique can be utilized to break the wafer

and separate the devices 12 from each other along these
grooves. Once separated, it can be seen that the mesa is
fully formed on the semiconductor device as illustrated
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in FIG. 5 of the drawing. If the terminals have not been
previously formed on the device, the devices can be
solder dipped to provide the terminals. Finally, the
devices are packaged in accordance with any generally
conventional technique.

From the preceding, it can be seen that there is pro-
vided a relatively inexpensive method for forming
mesas by mechanical means. Moreover, since the mesas

have been etched in a dilute solution for only a brief
time, the tendency for the photoresist masking materials
utilized in conventional channel etching techniques to

overlic the mesa wall being formed is minimized. Ac-
cordingly, the base-collector leakage problem is mini-
mized.

While there has been described a preferred embodi-
ment of the invention, it should be obvious to those
skilled in the art that various changes can be made
within the spirit of the invention as recited in the ap-
pended claims.

We claim:

1. A method of forming a mesa in a semiconductor
device, said method comprising:

forming a plurality of semiconductor devices each hav-

ing at least one PN junction on a wafer;
mechanically cutting a first set of relatively wide gener-

ally U-shaped channels extending in a first direction

on opposite sides of each of said devices and cutting

a second set of relatively wide generally U-shaped

channels extending in a second direction generally

perpendicular to the first direction on opposite other

sides of each of said devices, said channels having a

bottom generally planar surface located below said
PN junction and a pair of generally planar mesa walls
at which said junctions terminate;
etching satd channels for a short time in a dilute etchant
to smooth the channel surfaces and to provide a slight
arcuate contour to each said mesa wall; and,

separating said devices from each other by breaking the
wafer along the midline of said channels.

2. A method in accordance with claim 1 including the
step of scribing the bottom surfaces of each of said
channels to define grooves extending along the midlines
thereof after etching and then separating said devices
along said grooves.

3. A method in accordance with claims 1 or 2
wherein said cutting is done by saw means.

4. A method 1 accordance with claims 1 or 2
wherein said channels are etched in a dilute solution of
boiling sodium hydroxide (NaOH) for a period of about
90 secondes.

5. A method in accordance with claims 1 or 2
wherein said channels are passivated before separating
the devices from each other. |

6. A method in accordance with claims 1 or 2
wherein said wafer i1s solder dipped to form terminals

thereon before said channels are formed.
x * % & -
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